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In vivo two-photon calcium imaging of cellular arrangement and functional connectivity in layer 2/3 of the mouse 
primary visual cortex 
??????????????????????????????????????????
Mutually connected neurons in layer 2/3 of the rodent primary visual cortex (V1) receive synaptic 
inputs from a common source to form distinct sub-networks. In this doctoral thesis I address 
whether these sub-networks constitute micro-organization for specific visual functions. 
By using in vivo two-photon calcium imaging, I determined the receptive field (RF) structure of 
layer 2/3 neurons in mouse V1, and assessed functional connections between them by applying 
cross-correlation analysis to calcium signals. White noise stimuli were presented to 
urethane-anesthetized mice while calcium signals from V1 neurons were recorded. The structure 
of the RFs for visually responsive neurons in the imaged area (240 x 240 µm2) was determined by 
reverse-correlating the estimated time course of the firing rate with the stimuli.  
The RFs of nearby neurons highly overlapped with each other, while their center positions 
gradually shifted in the visual field depending on their location across the cortex, indicating that 
the retinotopic map in mouse V1 were detected at the single cell resolution. However, nearby 
neurons did not share RF size, preferred orientation, preferred spatial frequency, preferred phase, 
and stimulus phase sensitivity (i.e., simple cell vs. complex cell), suggesting that these stimulus 
parameters are not orderly mapped across the cortical sheet of mouse V1.  
Cross-correlation analysis applied to calcium signals indicates that pairs of nearby neurons with 
similar RF position, orientation and spatial frequency are more often functionally connected with 
each other than those with dissimilar response characteristics. The size of the RF and the strength 
of the phase selectivity did not relate between nearby neurons regardless of functional 
connectivity.  
Based on the above results, I suggest that neurons conveying information of similar orientations 
and spatial frequency form distinct sub-networks in mouse V1. Thus, mouse V1 has no obvious 
mesoscopic modular structure unlike V1 and higher visual cortical areas in cats and monkeys, but 
embeds functionally distinct microstructure as mutually connected sub-networks.
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